Professor G W Taylor (St Bartholomew's Hospital, London) Surgical Management of Primary Lymphudema In the majority of patients with primary lymphcedema, the lymphatic malformation is relatively slight and the edema correspondingly mild. These patients can be managed well on a conservative regime of elevation of the foot of the bed by night, elastic support by day and the intermittent use of diuretics. In a small proportion of patients, as a result of long continued neglect or severity of lymphatic malformation, the edema assumes massive proportions. It is in this latter group that surgical management may be required.
Indications for Surgical Treatment
(1) Limitation of function: In these patients the sheer weight and bulk of the swollen limb severely handicaps normal activities; this we regard as the main and absolute indication for surgical treatment.
(2) Recurrent cellulitis: This is a frequent and distressing complication of lympheedema; the infection is usually streptococcal in nature and can often be kept under control with oral penicillin. In those patients with well developed cedema in whom prophylactic control proves difficult, surgical treatment is undertaken.
(3) Cosmetic reasons: Many women patients will press for operative treatment because of the mental distress engendered by the appearance of the swollen leg. We believe that cosmetic reasons alone should very rarely form the main indication for operation; this is because surgical treatment, although successful in restoring function by removal of the weight and bulk of swollen tissues, does not necessarily produce a pleasing cosmetic result (Fig 1) .
Operations
Because of the lack of precise information concerning the morbid anatomy and physiological disturbance in primary lymphoedema, many empirical surgical procedures have been tried for the relief of this condition. The introduction of lymphangiography in 1955 (Kinmonth et al.) resolved many of these problems and it is now known that, in primary lymphoedema, the lymphatic malformations are often widespread in distribution and that regional localization of the abnormality is very rare. Procedures, such as pedicle grafting or lymphangioplasty, designed to bridge hypothetical localized obstructions are therefore doomed to failure and only radical excision is consistently successful. It is of interest, however, to consider the various operations which have been devised for the treatment of lympheedema. Lymphangioplasty: In 1908 Handley introduced lymphangioplasty in which artificial 'lymphatics' were created by inserting silk strands subcutaneously to link Edematous and normal areas; Ransohoff (1945) implanted double nylon strands and Hogeman (1955) used fine polyethylene tubes with lateral holes every 2-3 cm; these were inserted from ankle level to the midabdominal wall and were removed after one year when a supposedly permanent channel had been created by their presence. No convincing evidence on the efficiency of this procedure is available and our own limited experience with the method has been disappointing. Bridging procedures: Gillies & Fraser (1935) described an operation in which a skin and subcutaneous pedicle from the arm was transplanted into the abdominal wall and thigh to by-pass an inguinal lymphatic obstruction (Fig 2) ; Mowlem (1948) reported good results with this method in lymphoedema of short duration. This by-pass procedure can be effective only when a localized obstruction separates normal and lymphatic pathways and such conditions may obtain in secondary lympheedema. In primary lymphoedema the distal lymphatic defect is usually extensive and widespread and localized bridging operations cannot be expected to produce improvement.
Kondoleon's operation: In 1912 Kondoleon described his version of an operation first performed by Lanz (1911) . The aim of the operation was to establish, by wide excision of the deep fascia, a communication between the superficial and deep lymphatic channels (Fig 3) . Sistrunk (1918) modified this procedure by widely excising strips of skin and subcutaneous tissue in addition to the fascial ablation. Sistrunk's operation has been widely used but it has never been demonstrated that superficial to deep lymphatic communications actually develop and improvement is more likely related to the partial excision of the edematous tissues and the tightening effect of the procedure. CEdema of the dorsum of the foot may be helped by a similar procedure in which a transverse ellipse of skin is removed (usually concomitantly with lymphangiography). Simple closure of the resulting defect tautens the skin in this area to produce a 'built in' elastic stocking.
Excisional procedures: Charles (1912) was the first to recognize the need for radical removal of the subcutaneous tissues and practised complete removal of all the edematous subcutaneous tissues with free skin graft cover to the underlying muscles (Fig 4) . Homans (1936) used the same principle but first raised full thickness skin flaps of local skin. Similar methods have been described by Poth et al. (1947) , Mowlem (1948) , McIndoe (1950) , Pratt (1953) and Watson (1953) . Gibson & Tough (1955) gave a clear description of their technique and reported good results in 16 patients. At present we believe that a modified Charles operation is the procedure of choice when surgical treatment is indicated in primary lymphmdema.
Operative Technique General anesthesia is used and the patient placed in the prone position; in this way full access to the leg and foot can be obtained by flexing the knee. A pneumatic tourniquet is inflated around the thigh and a bloodless field maintained until the completion of the excisional part of the operation. Generally the whole circumference of the leg below the knee is dealt with at one stage; the dorsum of the foot may also be included at the same time, but a staged procedure is sometimes advisable in massively swollen limbs. If the local skin is in good condition it is removed as very thick split-thickness grafts with an electric dermatome; these strips are taken aside by a second surgeon and sewn together to constitute a sheet of skin. While this is being done the subcutaneous tissues and deep fascia are completely excised. A thin layer of paratenon is preserved over tendinous structures and the periosteum of the tibia is left undisturbed. V-shaped wedges of skin are excised at knee level and the skin flaps tapered to avoid an ugly 'plus-four' deformity at the junctional zone. When the excision is complete the tourniquet is released and meticulous hmemostasis of the raw area obtained; bleeding from small vessels may be controlled by spraying the area with thrombin solution and the firm application of a gauze roll in bandage fashion for ten minutes. The prepared sheet of skin is then sewn into place and a pressure dressing is applied and protected by a thin plaster of paris shell. The thigh may be dealt with in a similar manner at a later stage. shown in Table 1 . It can be seen that the most beneficial results were obtained with the Charles excisional procedure which produced satisfactory results in 28 out of 39 operations. Eleven operations were followed by an unsatisfactory result largely due to instability of the grafted skin. In these patients recurrent weeping eczema or severe hyperkeratosis and fissuring of the grafted skin developed in the post-operative period. In no patient did significant oedema recur. The problem of unstable skin in this group of patients remains unsolved as replacement with skin from elsewhere was followed by similar chaniges in the new graft site. Of the physiological operations tried in the treatment of lymph(edema of the lower limb in the past that of Kondoleon (1912) , though now obsolete, at one time gained widespread recognition. Because the edema involves only the skin and subcutaneous fat and because the superficial and deep lymphatics are almost completely separated from one another by deep fascia, Kondoleon excised strips of deep fascia in an attempt to drain excess lymph from the oedematous superficial into the normal deep tissues. It seems certain that the hoped-for anastomosis of superficial to deep lymphatics failed to occur. Certainly the regeneration of the deep fascial barrier has been repeatedly observed (Bertwistle & Gregg 1928 , Peer et al. 1954 . Certain disadvantages implicit in the Kondoleon procedure appear to be overcome by the transposition of superficial lymphatics into the deep (subfascial) compartment of the limb by means of a buried skin flap (Thompson 1962 (Thompson , 1964 .
The Operation A skin flap is raised from about half the circumference of the limb on its lateral aspect, extending from the upper thigh to the foot. It includes on its deep aspect a 'normal' amount of subcutaneous fat to ensure an adequate blood supply: excessive thinning of the flap is to be avoided, since the objective is to obtain a viable skin flap with surviving lymphatic elements rather than to excise as much cedematous tissue as possible. All subjacent cedematous fat and deep fascia are excised to expose the deep muscles, so that the skin flap when replaced has excess tissue at its free margin. From this redundant margin all epidermis is 'shaved', as a strip of Thiersch graft by use of a free-hand graft knife, before it is buried into the muscle layer at the site of a convenient intermuscular cleft. The surface wound is then closed with adequate drainage. Three months or more later the medial aspect of the limb is similarly dealt with.
By pre-operative subcutaneous injection of patent blue dye one can see superficial lymphatic elements at operation; it is found that the buried 'shaved' skin flap contains both the valveless dermal lymphatic plexus and associated valved connecting vessels and also segments of superficial lymph trunks. Thus not only is the limb reduced in size with preservation of its normal integument, but also direct anastomosis of'superficial to deep lymphatic elements is facilitated by placing them in direct contact, regeneration of deep fascia cannot re-separate superficial from deep lymph fields and propulsion of lymph in the superficial lymphatics of the buried skin flap is assisted by direct exposure to the intermittent compression of muscular contraction.
It is important that each skin flap should be planned so that the direction of lymph flow in its contained superficial lymphatics should be towards the shaved margin of the flap. If -the skin flap is based posteriorly on the mid-posterior axis of the limb, then the anterior shaved margin can be so planned as to be buried into the deep muscles along the line of the femoral vessels in
